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ABSTRACT: Sixty-four market-weight (130.0 ± 0.65 kg) barrows (n = 16) and gilts (n = 48) were used in a split-plot design with a 2 × 2 × 2 factorial arrangement of treatments: 1) handling intensity (gentle vs. aggressive), 2) transport floor space (0.39 vs. 0.49 m 2 /pig), and 3) distance moved during handling (25 vs. 125 m) to determine the effects of multiple concurrent stressors on metabolic responses. For the handling intensity treatment, pigs were moved individually approximately 50 m through a handling course with either 0 (gentle) or 8 (aggressive) shocks from an electric goad. Pigs were loaded onto a trailer and transported for approximately 1 h at floor spaces of either 0.39 or 0.49 m 2 /pig. After transport, pigs were unloaded, and the distance moved treatment was applied; pigs were moved 25 or 125 m through a handling course using livestock paddles. Rectal temperature was measured, and blood samples (to measure blood acid-base status) were collected 2 h before the handling intensity treatment was applied and immediately after the distance moved treatment was applied. A LM sample to measure glycolytic potential was collected after the distance moved treatments on a subset of 32 pigs. There were handling intensity × distance moved interactions (P < 0.05) for several blood acid-base measurements. In general, there was no effect of distance moved on these traits when pigs were previously handled gently. However, when pigs were previously handled aggressively, pigs moved 125 compared with 25 m had greater (P < 0.05) blood lactate and less (P < 0.05) blood pH, bicarbonate, and base-excess. Pigs transported at 0.39 compared with 0.49 m 2 /pig had a greater (P < 0.01) increase in creatine kinase values; however, transport floor space did not affect any other measurements. Data were analyzed by the number of stressors (the aggressive handling, restricted transport floor space, and 125-m distance moved treatments) experienced by each pig (0, 1, 2, or 3). As the number of stressors experienced by the pig increased, rectal temperature, blood lactate, and LM lactate increased linearly (P ≤ 0.01), and blood pH, bicarbonate, and base-excess decreased linearly (P < 0.01). These data suggest that the stressors evaluated had additive effects on several indicators of metabolic stress responses in finishing pigs.
INTRODUCTION
Losses of market-weight pigs during transport from the farm to the plant represent a major economic loss to the industry and are also a major concern from an animal welfare perspective. Previous research has shown that many of these losses result from an extreme metabolic response to the stress of the transportation process . For example, handling intensity has a major effect on blood acid-base status and the incidence of nonambulatory pigs (Benjamin et al., 2001) . Pigs moved aggressively with electric goads have increased heart rates, rectal temperatures, and blood glucose and lactate values, while having less blood pH, bicarbonate, and base-excess values than pigs moved Effects of multiple concurrent stressors on rectal temperature, blood acid-base status, and longissimus muscle glycolytic potential in market-weight pigs gently (Benjamin et al., 2001; Bertol et al., 2002; Hamilton et al., 2004) . Other potential stressors experienced by pigs during the transportation process include the distance moved during handling at the farm or at the plant and the floor space on the trailer, both of which have been shown to influence metabolic responses of the animals and losses of pigs during transport (Ritter et al., 2006 (Ritter et al., , 2007 . Previous research has shown that multiple concurrent stressors have additive effects on growth performance traits in chickens (McFarlane et al., 1989) and pigs (Hyun et al., 1998) . However, the effect of multiple concurrent stressors on metabolic responses and transport losses (dead and nonambulatory pigs) in marketweight pigs has not been studied.
The objectives of this study were to determine the effects of 3 stressors commonly experienced by marketweight pigs during the marketing process (handling intensity, transport floor space, and distance moved during handling) on metabolic responses (rectal temperature, blood acid-base status, and LM glycolytic potential) and to determine if these stressors, when applied concurrently, had additive effects on metabolic responses.
MATERIALS AND METHODS
The protocol for this study was approved by the University of Illinois Institutional Animal Care and Use Committee.
Experimental Design and Treatments
A total of 64 market-weight pigs (130.0 ± 0.65 kg) were used in a split-plot design with a 2 × 2 × 2 factorial arrangement of the following treatments: 1) handling intensity (gentle vs. aggressive), 2) transport floor space (0.39 vs. 0.49 m 2 /pig), and 3) distance moved during handling (25 vs. 125 m). Transport floor space was the main plot, handling intensity and distance moved treatments were the subplots, and handling date was the blocking factor. Therefore, handling intensity and distance moved treatments were compared within each transport floor space.
Handling Intensity Treatment. Pigs were moved individually through a handling course (91 cm wide) for 2 laps (total distance of 50 m) using either gentle or aggressive handling. Gentle handling consisted of moving pigs at their own pace with a livestock paddle and a sorting board. Pigs on the gentle handling treatment received 2 slaps from a livestock paddle per lap to standardize handling inputs across pigs, and additional slaps were given as needed when the pig refused to walk. Pigs on the aggressive handling treatment were moved with an electric goad (Hot-Shot Green HS2000 with a 91.44-cm fiberglass shaft, Miller Manufacturing Co., Eagan, MN) and a sorting board, and each pig received 8 shocks (4 per lap) from the electric goad.
Transport Floor Space Treatment. The front 2 compartments of a standard aluminum gooseneck trailer (2.13 m × 7.32 m; Featherlite Inc., Cresco, IA) were used to evaluate the effects of transport floor space. Eight pigs from the same farm pen were placed in each trailer compartment. For the first journey, compartments were randomly allotted to floor space treatment (i.e., either 0.39 or 0.49 m 2 /pig), and for subsequent journeys, floor space treatments were alternated between the 2 compartments. Differences in transport floor space treatments were created by using gates inside the trailer to adjust the area of the compartment.
Distance Moved Treatment. Pigs were moved individually either 25 (1 lap) or 125 m (5 laps) through a handling course (91 cm wide) at their own pace using a sorting board and a livestock paddle. To standardize the handling procedure, each pig received 2 slaps from a livestock paddle per lap, and additional slaps were given as needed when the pig refused to walk.
Animals, Housing, and Feeding
The pigs were the progeny of PIC 337 sires and PIC C22 dams (PIC North America, Hendersonville, TN). These lines of pigs have been selected to be free of the HAL-1843 mutation. This study was carried out in 4 blocks over time (3 blocks of 16 gilts and 1 block of 16 barrows). At 130 ± 3.5 kg of BW, pigs were alloted to 2 test pens of 8 pigs (1 pen for each transport floor space treatment) on the basis of BW and litter of origin. Within each pen, pigs were randomly assigned to the handling intensity and distance moved during handling treatments (2 pigs in each of the 4 treatment subclasses). Pigs were mixed at the time of allotment when they were moved into the test pens and allowed a 7-d acclimation period before the beginning of the treatments; pigs were transported in their test pen group and, therefore, not mixed with unfamiliar pigs during transportation.
During the acclimation period, pigs were housed in a mechanically ventilated grower-finisher building at the University of Illinois Swine Research Center. Pigs were housed in groups of 8 by transport floor space treatment. Pens were 2.74 m × 2.33 m, giving a floor space of 0.80 m 2 /pig, and were part-solid, part-slatted concrete floors (similar area of slats to solid floor) and contained a single-space feeder and 2 nipple-type water drinkers. Pigs had ad libitum access to water and to feed; a standard finishing diet that met or exceeded the requirements for growing pigs (NRC, 1998) was used.
Multiple-Stressor Model
On d 7 of the acclimation period, pigs were subjected to the multiple-stressor model consisting of the handling intensity, transport floor space, and distance moved treatments. The treatments were applied in a fixed order; first, the handling intensity treatment was applied, followed by the transport floor space treatment, and finally the distance moved treatment.
Baseline (resting) measurements of rectal temperature and blood acid-base status were collected at 0600 h on d 7 of the acclimation period. Pigs were restrained with a nose snare, rectal temperature was measured with a M500HPDT digital thermometer (GLA Agricultural Electronics, San Luis Obispo, CA), and 2 blood samples (3 mL) were collected into lithium heparin Vacutainers (Becton Dickinson, Franklin Lakes, NJ) by venipuncture of a jugular vein. The time that the pigs were restrained for blood sample collection was generally less than 1 min and did not differ (P > 0.05) between treatments (data not reported). Baseline measurements were completed by approximately 0730 h, and pigs were allowed to rest for 2 h before being subjected to the handling intensity treatment.
The handling intensity treatment began at approximately 0930 h with each pig being moved individually through a handling course using either gentle or aggressive handling intensity. After the last pig completed the course (at approximately 1030 h), pigs were loaded using a livestock paddle and a sorting board into the 2 trailer compartments by floor space treatment. Pigs were transported for a distance of approximately 70 km, a journey that took approximately 1 h. The same driver was used for all journeys, which were mainly on interstate highways apart from a short period at the beginning and end of the journey, which was on rural roads. At the end of the journey, the pigs were unloaded at the farm and moved into holding pens using sorting boards. The holding pens provided a floor space of 1 m 2 /pig, and water was available via 2 nipple-type drinkers. Immediately after unloading (at approximately 1230 h), pigs were individually moved at their own pace using livestock paddles and sorting boards through the handling course for 25 or 125 m. Within 3 min of the completion of the distance moved treatments, rectal temperature was measured, and 2 blood samples were collected as described above. Additionally, after the blood sampling was complete, a biopsy sample from the LM was collected on all of the pigs in blocks 1 and 2 at the last rib according to the procedures described by Bertol et al. (2005) . The distance moved treatments ended at approximately 1500 h for blocks 1 and 2 and at approximately 1400 h for blocks 3 and 4.
Blood Variables
Two blood samples were collected 2 h before the beginning of the handling intensity treatment (baseline) and within 3 min after the distance moved procedure (immediately after the multiple-stressor model). Blood in the first tube was assayed immediately for pH, lactate, bicarbonate, base-excess, partial pressure carbon dioxide (pCO 2 ), total carbon dioxide (TCO 2 ), partial pressure oxygen, and oxygen saturation using an I-STAT Clinical Analyzer and CG4+ cartridges (i-STAT Corporation, Princeton, NJ). The remaining blood in the first tube and the blood in the second tube were used to measured plasma cortisol and creatine kinase, respectively. Whole blood was centrifuged at 900 × g for 20 min for the collection of blood plasma. Plasma cortisol was assayed in duplicate for each sample by using a commercially available RIA kit (Cortisol Coat-A-Count, Siemons Medical Solutions Diagnostics, Los Angeles, CA) and a gamma counter (Cobra II, PerkinElmer, Boston, MA). The analytical sensitivity was 5.5 ng/mL, and the intraassay CV was 7.01%. Plasma creatine kinase was assayed in duplicate using an automated clinical analyzer (Hitachi 917, Roche Diagnostics, Mannheim, Germany).
LM Glycolytic Potential
Muscle biopsy samples were prepared, extracted, and assayed for glycolytic potential according to the procedures described by Hartschuh et al. (2002) with the exception that muscle glycogen and lactate concentrations were calculated from standard curves. Briefly, glycogen was converted to glucose by the addition of amyloglucosidase. Samples were assayed in duplicate for glucose using a coupled enzyme assay (hexokinase and glucose-6-phosphate dehydrogenase) that measured the conversion of nicotinamide adenine dinucleotide phosphate to the reduced form of nicotinamide adenine dinucleotide phosphate at 340 nm (Keppler and Decker, 1974) . Lactate was assayed in duplicate using an enzyme assay for lactate dehydrogenase, which measured the conversion of NAD+ to NADH at 340 nm. Glycolytic potential was calculated according to the equation of Monin and Sellier (1985) :
Glycolytic potential = 2 (glycogen + glucose + glucose-6-phosphate) + lactate.
Pig-Handling Characteristics and Physical Indicators of Stress
Physical indicators of stress (presence or absence of open-mouth breathing and skin discoloration) were assessed immediately after the handling intensity and transport floor space treatments and also at the end of the multiple-stressor model after the distance moved treatment had been applied. In addition, the time to complete the required number of laps during the handling intensity and distance moved treatments was recorded. None of the 64 pigs became nonambulatory at any stage of this study.
Statistical Analysis
Rectal temperature, blood variables, and LM glycolytic potential were analyzed as a split-plot design using PROC MIXED (SAS Inst. Inc., Cary, NC). The model included the fixed effects of handling intensity, transMultiple concurrent stressors in pigs port floor space, distance moved during handling, all possible interactions, and the random effects of block and the block × transport floor space interaction. For handling intensity and distance moved during loading treatments, pig was the experimental unit, and the error term was the residual error. The experimental unit and error term for transport floor space were the trailer compartment and the block × transport floor space interaction, respectively.
Data for physical indicators of stress were not normally distributed. Therefore, χ 2 tests were conducted for the main effects of handling intensity, transport floor space, and distance moved during handling using PROC FREQ of SAS.
No handling intensity × transport floor space × distance moved during handling interactions were observed for rectal temperature, blood variables, or LM glycolytic potential measured immediately after the multiple-stressor model. Therefore, to evaluate the combined effects of these 3 stressors on stress responses, the 8 treatment subclasses for the 3-way interaction were analyzed as 8 separate treatments by using PROC MIXED of SAS. The model included the fixed effect of treatment and the random effect of block.
Stressor number (the number of stressors experienced by each pig during handling and transportation procedures) was determined for each pig (0, 1, 2, or 3). For this analysis, the aggressive handling, restricted transport floor space (0.39 m 2 /pig), and long distance moved (125 m) treatments were considered to be the stressors. The main effects of stressor number were analyzed using PROC MIXED of SAS. The model included the fixed effect of stressor number and the random effect of block. Additionally, regression analyses were conducted using PROC MIXED and PROC REG of SAS to determine if the stressors had an additive effect on rectal temperature, blood acid-base status, and LM glycolytic potential.
RESULTS AND DISCUSSION

Handling Intensity and Distance Moved
As expected, handling intensity and distance moved treatments had minimal effects on baseline values (Table 1). This is not unexpected given that baseline values were measured before any of the treatments were applied. There was an effect (P < 0.05) of handling intensity on baseline creatine kinase values, and there were handling intensity × transport floor space treatment interactions for baseline blood bicarbonate and TCO 2 values (Table 2) . In these interactions, pigs on the 0.49 compared with 0.39 m 2 /pig treatment had greater (P < 0.05) bicarbonate and TCO 2 baseline values in gently handled pigs, but there was no effect of transport floor space in aggressively handled pigs. These treatment differences in baseline values are of limited practical importance and are likely to be due to chance, because the handling intensity and transport floor space treatments were imposed after baseline measurements were taken.
Handling intensity and distance moved treatments had a major effect on blood variables measured after the multiple-stressor model and on the change in blood variables from baseline to after the multiple-stressor model (Tables 3 and 4) . After the multiple-stressor model, aggressively handled pigs and pigs moved 125 m had greater rectal temperatures, blood lactate, and blood pCO 2 and less blood pH, bicarbonate, base-excess, and TCO 2 than the respective control treatments (Table 3) . Handling intensity and distance moved treatments did not affect creatine kinase, cortisol, or LM glycolytic potential measured after the multiple-stressor model. However, aggressively handled pigs had greater (P < 0.01) LM lactate concentrations than gently handled pigs, whereas pigs moved 125 m tended (P = 0.08) to have greater LM lactate concentrations than pigs moved 25 m (Table 3) .
These findings agree with previous studies that have evaluated the effects of handling intensity on rectal temperature and blood acid-base balance (Hamilton et al., 2004) and LM lactate concentrations (Hambrecht et al., 2005) . Additionally, Ritter et al. (2008) reported that pigs moved 125 m showed greater decreases in blood pH and greater increases in rectal temperature and blood lactate than pigs moved 25 m.
There were interactions (P < 0.05) between handling intensity and distance moved for blood pH, lactate, bicarbonate, base-excess, and TCO 2 measured after the multiple-stressor model and for changes in these measurements between baseline and after the multiple-stressor model (Table 2) . Additionally, there were handling intensity × distance moved interactions (P < 0.05) for LM glycolytic potential and glycogen measured after the multiple-stressor model. In general, there was no effect of distance moved on these measurements when pigs were previously handled gently. However, when pigs were previously handled aggressively, pigs moved 125 m had greater blood lactate and less blood pH, bicarbonate, base-excess, and TCO 2 values and less LM glycogen and glycolytic potential values than pigs moved 25 m (Table 2) .
There was also a handling intensity × distance moved interaction (P < 0.05) for the time pigs required to move 25 or 125 m during the final handling procedure (data not reported). Pigs that were previously handled aggressively required approximately 50% less time to move 125 m (116.5 vs. 216.4 ± 7.8 s, respectively) than pigs that were previously handled gently, but there was no effect (P > 0.05) of previous handling intensity treatments on handling time for pigs moved 25 m (18.0 vs. 26.6 ± 7.8 s, respectively).
Handling intensity and distance moved had no effect (P > 0.05) on the percentage of pigs exhibiting openmouth breathing or skin discoloration measured immediately after each treatment had been completed ( Table Table 1 Multiple concurrent stressors in pigs 5). However, pigs that were previously handled aggressively had greater incidences (P < 0.05) of open-mouth breathing and skin discoloration immediately after the multiple-stressor model was completed than pigs that were previously handled gently (Table 5) . Also, pigs moved the longer distance exhibited greater incidences of open-mouth breathing and skin discoloration at the end of the multiple-stressor model than those moved the shorter distance (Table 5) . Collectively, the handling intensity × distance moved interactions observed in this study for stress responses suggest that the response to distance moved is greater when animals have previously been handled aggressively. This suggests that previous handling experience may Multiple concurrent stressors in pigs Table 4 . Least squares means for the effects of handling intensity, transport floor space, and distance moved on the change in rectal temperature and blood variables between baseline and after the multiple-stressor model affect the responses of pigs to subsequent handling, an area that warrants further research.
Transport Floor Space
Pigs subjected to the restricted transport floor space (0.39 m 2 /pig) during the 1-h journey tended (P = 0.06) to have greater creatine kinase values after the multiple-stressor model and had greater (P < 0.01) changes in creatine kinase values between baseline and after the multiple-stressor model than pigs transported at 0.49 m 2 /pig (Tables 3 and 4) . Creatine kinase is an indicator of physical stress and muscle damage. Therefore, these findings suggest that pigs transported at the restricted floor space experienced more physical stress and muscle damage during transport than those transported at 0.49 m 2 /pig. Additionally, there was a trend (P = 0.08) for the restricted floor space treatment to have a greater percentage of pigs displaying skin discoloration at the end of the multiple-stressor model than pigs transported at 0.49 m 2 /pig (Table 5) . However, there were no effects of transport floor space on rectal temperature, blood acid-base balance, plasma cortisol, LM glycolytic potential, or physical indicators of stress measured after the multiple-stressor model (Tables 3 and 5) .
When expressed on a BW basis, the transport floor space treatments used in the current study were equivalent to 0.30 and 0.38 m /100 kg and reported that pigs transported at 0.50 m 2 /100 kg had reduced creatine kinase values than those at the other 3 floor spaces. Also, both of these studies (Barton Gade and Christensen, 1998; Warriss et al., 1998) reported that transport floor space had no effect on plasma lactate or cortisol concentrations. Therefore, the effects of transport floor space on blood variables observed in the current study are in agreement with previous research.
Effects of Stressor Number
There were no handling intensity × transport floor space × distance moved interactions for rectal temperature, blood variables, or LM glycolytic potential. Therefore, the data for the 3-way interaction treatment subclasses were reanalyzed as 8 separate treatments (Table 6 ). Large differences were observed across the 8 treatment subclasses for blood pH (range: 7.20 to 7.42), lactate (range: 2.48 to 14.14 mmol/L), bicarbonate (range: 23.74 to 31.53 mmol/L), base-excess (range: −4.58 to 6.88 mmol/L), and LM lactate (range: 3.47 to 15.43 μmol/g of tissue). In general, pigs subjected to 0 stressors (gentle handling intensity, 0.49 m 2 /pig transport floor space, and short distance moved during handling) had the lowest rectal temperature, blood lactate, and LM lactate values while having the greatest blood bicarbonate and base-excess values (Table 6) . Table 5 . Least squares means for the effects of handling intensity, transport floor space, and distance moved on the frequency of pigs exhibiting open-mouth breathing and skin discoloration assessed immediately after each individual treatment was applied and at the end of the multiple-stressor model Assessed immediately after all of the 3 treatments (handling intensity, transport floor space, and distance moved) had been applied. It has been established that multiple concurrent stressors have additive effects on growth performance traits and that the combined effects of multiple stressors can be estimated by summing the individual effects of each stressor (McFarlane et al., 1989; Hyun et al., 1998) . To test this concept in the current study, data were analyzed by stressor number (the number of stressors experienced by pigs during the handling and Means within a column with different superscripts differ (P < 0.05).
1
Aggressive handling, restricted transport floor space, and long distance moved were considered stressors.
2
Stressor was not applied (−), stressor was applied (+).
3 RT = rectal temperature.
4
Measured in whole blood.
5
Measured in blood plasma.
6 CK = creatine kinase.
7
Measured in a LM biopsy on 32 pigs.
8
LM GP = LM glycolytic potential (expressed in μmol/g of tissue).
9
LM lactate = LM lactate concentration (expressed in μmol/g of tissue). Stressor number refers to the number of stressors that pigs were subjected to during the multiple-stressor model (0, 1, 2, or 3).
3
Statistical analysis was conducted on log-transformed values.
4 pCO 2 = partial pressure carbon dioxide; TCO 2 = total carbon dioxide; pO 2 = partial pressure oxygen; sO 2 = oxygen saturation.
5
Statistical analysis was conducted on square root-transformed values.
6
LM GP = LM glycolytic potential.
7
Measured on 32 pigs.
transportation procedures) to determine if these stressors had additive, antagonistic, or synergistic effects on indicators of stress response measured after the multiple-stressor model. For the purpose of this analysis, aggressive handling, restricted transport floor space (0.39 m 2 /pig), and long distance moved (125 m) treatments were considered the stressors.
Stressor number had a significant effect (P < 0.05) on rectal temperature, blood pH, lactate, bicarbonate, base-excess, pCO 2 , TCO 2 , and LM lactate concentrations. The effects of stressor number on these measurements were linear (P < 0.01; Table 7 ), suggesting that they had additive effects (Figure 1 ). Relative to control pigs, those subjected to the 3 stressors (aggressive handling intensity, restricted transport floor space, and long distance moved during handling) during handling and transportation had increased rectal temperature (1.5%), blood lactate (379%), and LM lactate (266%), while having decreased blood pH (−2.5%), bicarbonate (−25%), and base-excess (−160%; Table 7 ). The absolute increase in rectal temperature, blood lactate, and LM lactate with each stressor was 0.18°C, 3.25 mmol/L, and 3.29 umol/g of tissue, respectively (Figure 1 ). Similarly, blood pH, bicarbonate, and base-excess decreased with each stressor by 0.07 units, 2.48 mmol/L, and 3.57 mmol/L, respectively (Figure 1) . However, the 3 stressors did not contribute equally to these stress responses. As mentioned previously, handling intensity and distance moved treatments had a major effect on rectal temperature, blood acid-base balance, and LM lactate, but these measurements were not affected by transport floor space (Table 3) .
It is well documented that fatigued pigs are in a metabolic state of acidosis Ellis et al., 2003) . These results suggest that the stressors tested in this study have additive effects on rectal temperature, blood acid-base balance, and LM lactate. Therefore, removing just 1 stressor during the marketing process may improve acid-base balance and decrease the incidence of fatigued pigs.
Stressor number also affected (P = 0.05) LM glycogen concentrations while tending (P = 0.09) to affect LM glycolytic potential (Table 7) . However, the relationships between stressor number and LM glycogen and glycolytic potential were quadratic (P ≤ 0.05; Table 7 ). This was unexpected given that under stressful situations, pigs will shift from aerobic to anaerobic metabolism to produce ATP from muscle glycogen (Hedrick Figure 1 . Effect of stressor number on rectal temperature, blood acid-base status, and LM lactate measured after the multiple-stressor model. Measurements were taken after the multiple-stressor model (handling intensity, transport floor space, and distance moved treatments) had been applied. Aggressive handling, restricted transport floor space, and long distance moved were considered stressors. Stressor number refers to the number of stressors that pigs were subjected to during the multiple-stressor model (0, 1, 2, or 3). et al., 1994) . It is unclear why LM glycogen and glycolytic potential did not show an additive response to the stressors. However, it is well established that diet and fasting influence muscle glycogen stores (Bertol, 2003) , and thus, it is possible that muscle glycogen stores may have been affected by other factors such as the time of the last meal.
Plasma cortisol and creatine kinase values were not affected by stressor number. This is difficult to explain, because cortisol and creatine kinase are commonly used as indicators of psychological and physiological stress, respectively. However, the lack of an effect of stressor number on these variables may be to due to the large pig-to-pig variation observed for these measurements or the relatively small sample number of pigs subjected to 0 and 3 stressors (n = 8), or both.
The results of this study demonstrated that rectal temperature and blood acid-base balance were adversely affected by both aggressive handling and moving pigs long distances. The handling intensity × distance moved interactions for rectal temperature and blood acid-base measures suggest that handling pigs aggressively followed by moving pigs long distances had a major negative effect on rectal temperature and blood acid-base balance. However, there was no effect of distance moved on rectal temperature and blood acid-base status when pigs were previously handled gently. Restricted transport floor space (0.39 m 2 /pig) increased creatine kinase values but did not affect rectal temperature, blood acid-base balance, or LM glycolytic potential. The 8 different treatment combinations used in this study produced large differences in rectal temperature, blood acid-base balance, and LM lactate values measured immediately after the multiple-stressor model and demonstrated that it is possible to handle and transport pigs with minimal response. Furthermore, as the number of stressors experienced by the pig increased, rectal temperature, blood lactate, and LM lactate values increased linearly, whereas blood pH, bicarbonate, and base-excess values decreased linearly. These data suggest that multiple concurrent stressors commonly experienced by the animal during the marketing process have additive effects on rectal temperature, blood acid-base balance, and LM lactate values, and this has important implications for decreasing transport losses under commercial conditions.
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